
INTERNAL MEMBER OF A PLASMA PROCESSING VESSEL 
Field of the Invention 
5 [0001] 

The present invention relates to an internal member of 
a plasma processing vessel; and, more particularly, to an 
internal member of a plasma processing vessel, for example, 
a deposition shield, an exhaust plate, a focus ring, an 
10 electrode plate, an electrostatic chuck, an inner wall 
member of a processing vessel and the like, for use in a 
plasma processing vessel in which a plasma atmosphere of a 
processing gas including a halogen element is formed. 

15 Background of the Invention 

[0002] 

Processes of manufacturing a semiconductor, a liquid 
crystal device and the like generally employ a plasma 

20 process using a plasma, wherein an internal member of a 
processing vessel tends to be considerably corroded and worn 
out because a gas including a halogen element, e.g., a 
fluoride such as C4F8 or NF3, a chloride such as BCI3 or 
SnCl4, and a bromide such as HBr, is used in the processing 

25 vessel. Therefore, strong plasma resistance is needed in 
internal members of the plasma processing vessel, such as a 
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deposition shield, an exhaust plate, a focus ring, an 
electrode plate, an electrostatic chuck, an inner wall of 
the processing vessel and the like. 
[0003] 

5 In conjunction with this, there is disclosed a 

technique for improving plasma resistivity of the internal 
member of the processing vessel by forming a thermally 
sprayed film with a highly corrosion resistant material such 
as AI2O3 or Y2O3 on a surface of a base material made of Al, 

10 Al alloy, Al oxide, quartz or the like (see, e.g., reference 
patent 1) . Further, an anodic oxidized film may be formed 
between the base material and the thermally sprayed film. 
Furthermore, in order to improve adhesivity of the thermally 
sprayed film, the surface of the base material or the anodic 

15 oxidized film can be roughened intentionally by using blast 
processing or the like to prevent the thermally sprayed film 
from being peeled off by anchor effect. 
[0004] 

In case of the above-mentioned plasma etching 
20 processing apparatus, cleaning by a cleaning fluid of pure 
water, fluorine-based solvent or organic solvent such as 
acetone is performed on a regular basis to remove a reaction 
by-product attached to inside of the processing vessel in 
addition to using the processing gas including a highly 
25 corrosive halogen element. In this case, the processing gas 
and the cleaning fluid for cleaning may permeate into a 
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space between the base material and the thermally sprayed 
film or between the base material and the anodic oxidized 
film to thereby generate a corrosion by-product on the 
surface of the base material by reaction of the gas and the 
5 cleaning fluid, resulting in peeling off of the thermally 
sprayed film. 
[0005] 

In other words, in an internal member of a' plasma 
processing vessel 100, as shown in Fig. 21A, a reaction by- 

10 product 103 such as CF polymer is deposited on a surface of 
a thermally sprayed film 102 on a base material 101 such as 
Al, but the reaction by-product 103 is removed regularly or 
irregularly, as shown in Fig. 21B among Figs. 21A to 21D, by 
immersing it in a given cleaning fluid 104 or by another 

15 method. Then, as shown in Fig. 21C, a processing gas, a 
cleaning fluid, or a fluid reacted with the reaction by- 
product infiltrates into air pores of the thermally sprayed 
film 102, a boundary between the sprayed film 102 and the 
base material 101, or a portion damaged by plasma, the gas 

20 and the like to reach the surface of the base material 101. 
The aforementioned phenomenon is considered to cause the 
corrosion by-product to be formed on the surface of the base 
material 101 or the loss of anchor effect by smoothing the 
surface of the base material roughened to obtain the anchor 

25 effect, thus resulting in a portion 105 of the thermally 
sprayed film 102 being peeled off from the base material 101, 
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as shown in Fig. 21D. 
[0006] 

The above-mentioned AI2O3 and Y2O3 have high reactivity 
on water in the air and when they are used as the inner wall 
5 member of the processing vessel and the like, it is possible 
that a vacuum chamber, the processing vessel, may absorb 
plenty of water when it is open to the atmosphere or 
undergoes wet cleaning. And, the abundantly absorbed water 
in the chamber will be released from the inner wall of the 

10 vacuum chamber during process due to high temperature in the 
vacuum chamber or plasma discharge, which in turn will have 
adverse effects on the process, such as particle production 
by chemical reaction of the water with deposits or the inner 
wall of the vacuum chamber, a prolonged vacuum exhaust time, 

15 abnormal electricity discharge, and deterioration of film 
forming properties . 
[0007] 

In this regard, reference patent 2 discloses a method 
for performing the vacuum exhaust in a short time, wherein a 

20 plasma produced is made to contact with the inner wall 
surface of a plasma producing chamber during a vacuum 
exhaust process in such a way that temperature of the inner 
wall is raised to thereby vaporize the adhered water 
molecules. Further, in reference patent 3, there is 

25 presented a technique in which a heater is installed in a 
lid member of a vacuum chamber and controlled to keep an 
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inner wall of the vacuum chamber at a specified or at a 
higher temperature all the time during plasma treatment, so 
that the amount of water and organic matter adsorbed to the 
inner wall of the vacuum chamber is reduced and, at the same 
5 time, the adsorbed water and the organic matter are rapidly 
vaporized. Furthermore, in reference patents 4 and 5, there 
is offered a technique in which a removable shield member is 
installed on an inner wall of a vacuum chamber and 
instruction for cleaning and replacement of shield member is 
10 indicated when the time needed to reach a vacuum state 
exceeds a set time. 
[0008] 

The techniques of the reference patents 2 to 5, 
however, cannot give a fundamental solution to the problems 
15 and the effect thereof is limited since all of them are 
dealing the situation after water is adsorbed. 
[0009] 

reference patent 1: Japanese Patent Laid-Open 
Publication No. 8-339895 (page 3, Fig. 2) 
20 reference patent 2: Japanese Patent Laid-Open 

Publication No. 8-181117 

reference patent 3: Japanese Patent Laid-Open 
Publication No. 11-54484 

reference patent 4: Japanese Patent Laid-Open 
25 Publication No. 11-54487 

reference patent 5: Japanese Patent Laid-Open 
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Summary of the Invention 
5 [0010] 

The present invention has been developed to solve the 
aforementioned problems in the conventional techniques. An 
object of the present invention is to provide a new, 
improved internal member of a plasma processing vessel 
10 capable of suppressing peeling off of a thermally sprayed 
film formed as a top coat layer. 
[0011] 

Further, another object is to provide an internal 
member of a plasma processing vessel in which release of 
15 water in the plasma process is made difficult to occur. 
[0012] 

In order to solve the above problems, in accordance 
.with a first aspect of the present invention, there is 
provided an internal member of a plasma processing vessel 

20 including a base material and a film formed by thermal 
spraying of ceramic on a surface of the base material, 
wherein the film is formed of ceramic including at least one 
kind of element selected from the group consisting of B, Mg, 
Al, Si, Ca, Cr, Y, Zr, Ta, Ce and Nd, and at least a portion 

25 of the film is sealed by a resin. 
[0013] 
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In accordance with a second aspect of the present 
invention, there is provided an internal member of a plasma 
processing vessel including a base material and a film 
formed by thermal spraying of ceramic on a surface of the 
5 base material, wherein the film has a first ceramic layer 
formed of ceramic including at least one kind of element 
selected from the group consisting of B, Mg, Al, Si, Ca, Cr, 
Y, Zr, Ta, Ce and Nd and a second ceramic layer formed of 
ceramic including at least one kind of element selected from 
10 the group consisting of B, Mg, Al, Si, Ca, Cr, Y, Zr, Ta, Ce 
and Nd, and at least a portion of at least one of the first 
and the second ceramic layer is sealed by a resin. 
[0014] 

In accordance with the first and the second aspect of 
15 the present invention, it is preferable that the resin is 
selected from the group consisting of SI, PTFE, PI, PAI, PEI, 
PBI and PFA, 
[0015] 

In accordance with a third aspect of the present 
20 invention, there is provided an internal member of a plasma 
processing vessel including a base material and a film 
formed by thermal spraying of ceramic on the surface of the 
base material, wherein the film is formed of ceramic 
including at least one kind of element selected from the 
25 group consisting of B, Mg, Al, Si, Ca, Cr, Y, Zr, Ta, Ce and 
Nd, and at least a portion of the film is sealed by a sol- 
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gel method. 

[0016] 

In accordance with a fourth aspect of the present 
invention, there is provided an internal member of a plasma 
5 processing vessel including a base material and a film 
formed by thermal spraying of ceramic on a surface of the 
base material, wherein the film has a first ceramic layer 
formed of ceramic including at least one kind of element 
selected from the group consisting of B, Mg, Al, Si, Ca, Cr, 

10 Y, Zr, Ta, Ce and Nd and a second ceramic layer made of 
ceramic including at least one element selected from the 
group consisting of B, Mg, Al, Si, Ca, Cr, Y, Zr, Ta, Ce and 
Nd, and at least a portion of at least one of the first and 
the second ceramic layer is sealed by a sol-gel method. 

15 [0017] 

In accordance with the third and the fourth aspect of 
the present invention, it is preferable that the sealing 
treatment is executed by using. 

[0018] 

20 In accordance with the first to the fourth aspect of 

the present invention, the ceramic may be at least one kind 
of ceramic selected from the group consisting of B4C, MgO, 
AI2O3, Sic, Si3N4, Si02, CaF2, Cr203, Y2O3, YF3, Zr02, Ta02, 
Ce02/ Ce203, CeF3 and Nd203. 

25 [0019] 

In accordance with a fifth aspect of the present 



invention, there is provided an internal member of a plasma 
processing vessel including a base material and a film 
formed on a surface of the base material, wherein the film 
has a main layer formed by thermal spraying of ceramic and a 
5 barrier coat layer formed of ceramic including an element 
selected from the group consisting of Mg, Al, Si, Ca, Cr, 
Y, Zr, Ta, Ce and Nd. 
[0020] 

In accordance with the fifth aspect of the present 
10 invention, the barrier coat layer may be formed of at least 
one kind of ceramic selected from the group consisting of 
B4C, MgO, Al203r Sic, Si3N4, SiOa, CaF2, Cr203, Y2O3, YF3, Zr02, 
Ta02, Ce02, Ce203, CeF3 and Nd203. Further, the barrier coat 
layer may be a thermally sprayed film at least a portion of 
15 which is sealed by a resin, and it is preferable that the 
resin is selected from the group consisting of SI, PTFE, PI, 
PAI, PEI, FBI and PFA. Furthermore, the barrier- coat layer 
may be a thermally sprayed film at least a portion of which 
is sealed by a sol-gel method, and it is preferable that the 
20 sealing treatment is executed by using an element of the 
Group 3a in the periodic table. 
[0021] 

In accordance with a sixth aspect of the present 
invention, there is provided an internal member of a plasma 
25 processing vessel including a base material and a film 
formed on a surface of the base material, wherein the film 
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has a main layer formed by thermal spraying of ceramic and a 
barrier coat layer formed of an engineering plastic between 
the base material and the main layer. 
[0022] 

5 In accordance with the sixth aspect of the present 

invention^ the engineering plastic may be selected from the 
group consisting of PTFE, PI, PAI, PEI, PBI, PFA, PPS and 
POM. 
[0023] 

10 In accordance with the fifth and sixth aspects of the 

present invention, the main layer may be formed of at least 
one kind of ceramic selected from the group consisting of 
B4C, MgO, AI2O3, Sic, Si3N4, SiOa, CaF2, Cr203r Y2O3, YF3, ZrOa, 
Ta02, Ce02, Ce203, CeF3 and Nd203. 

15 [0024] 

In accordance with a seventh aspect of the present 
invention, there is provided an internal member of a plasma 
processing vessel including a base material and a film 
formed on a surface of the base material, wherein the film 
20 is formed of ceramic including at least one element of the 
Group 3a in the periodic table, and at least a portion of 
the film is hydrated by vapor or high temperature hot water. 
[0025] 

In accordance with an eighth aspect of the present 
25 invention, there is provided an internal member of a plasma 
processing vessel including a base material and a film 
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formed on a surface of the base material, wherein the film 
has a first ceramic layer formed of ceramic including at 
least one kind of element of the Group 3a in the periodic 
table and a second ceramic layer formed of ceramic including 
5 at least one kind of element of the Group 3a in the periodic 
table, and at least a portion of at least one of the first 
and the second ceramic layer is hydrated by vapor or high 
temperature hot water. 
[0026] 

10 In accordance with the seventh and eighth aspects of 

the present invention, the film is a thermally sprayed film 
formed by thermal spraying or a thin film formed by 
employing a technique for forming a thin-film. Further, it 
is preferable that the film is formed of ceramic is selected 

15 from Y2O3, 'Ce02, Ce203 and Nd203 . 
[0027] 

In accordance with a ninth aspect of the present 
invention, there is provided an internal member of a plasma 
processing vessel including a base material and a film 

20 formed on a surface of the base material, wherein the film 
has a first ceramic layer formed of ceramic including at 
least one kind of element of the Group 3a in the periodic 
table and a second ceramic layer formed by thermal spraying 
of ceramic, and at least a portion of the first ceramic 

25 layer is hydrated by vapor or high temperature hot water. 
[0028] 
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In accordance with the ninth aspect of the present 
invention, a thermally sprayed film formed by thermal 
spraying or a thin film formed by employing a technique for 
forming a thin film can be used as the first ceramic layer. 
5 Further, it is preferable that the first ceramic layer is 
formed of ceramic selected from Y2O3, CeOa, Ce203 and Nd203 . 
Furthermore, it is preferable that the second ceramic layer 
is formed of at least one kind of ceramic selected from the 
group consisting of B4C, MgO, AI2O3, SiC, Si3N4, Si02, CaF2, 
10 Cr203, Y2O3, YF3, Zr02, Ta02, Ce02, Ce203, CeF3 and Nd203. 
[0029] 

In accordance with a tenth aspect of the present 
invention, there is provided an internal member of a plasma 
processing vessel including a ' base material and a film 
15 formed on a surface of the base material, wherein the film 
has a hydroxide layer formed of a hydroxide including at 
least one kind of element of the Group 3a in the periodic 
table . 
[0030] 

20 In accordance with the tenth aspect of the present 

invention, a thermally sprayed film formed by thermal 
spraying or a thin film formed by employing a technique for 
forming a thin film can be used as the hydroxide layer. 
Further, it is preferable that the hydroxide layer is formed 

25 of hydroxide selected from Y(0H)3, Ce(0H)3 and Nd(0H)3. 
Furthermore, at least a portion of the hydroxide layer may 
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be sealed. 

[0031] 

In accordance with the first to tenth aspects of the 
present invention, an anodic oxidized film may be formed 
5 between the base material and the film, and in this case, it 
is preferable that the anodic oxidized film is sealed by an 
aqueous solution of metal salt. 
[0032] 

In accordance with an eleventh aspect of the present 
10 invention, there is provided an internal member of a plasma 
processing vessel, which is formed of a sintered ceramic 
body including at least one kind of element of the Group 3a 
in the periodic table, wherein at least a portion of the 
sintered ceramic body is hydrated by vapor or high 
15 temperature hot water. In this case, it is preferable that 
the sintered ceramic body is formed by hydrating of ceramic 
selected from ¥203^ CeOa, Ce203 and Nd203. 
[0033] 

In accordance with a twelfth aspect of the present 
20 invention, there is provided an internal member of a plasma 
processing vessel, which is formed of a sintered ceramic 
body including hydroxide including at least one Icind of 
element of the Group 3a in the periodic table. In this case, 
it is preferable that the sintered ceramic body includes 
25 hydroxide selected from Y(0H)3, Ce{0H)3 and Nd(PH)3. 
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Brief Description of the Drawings 
[0034] 

Fig. 1 is a vertical cross-sectional .view of a plasma 
5 etching apparatus in which an internal member of a plasma 

processing vessel in accordance with preferred embodiments 

of the present invention is installed; 

Fig. 2 shows a cross sectional view of a layer 

structure of a first example of an internal member of a 
10 plasma processing vessel in accordance with a first 

embodiment of the present inventions- 
Fig. 3 shows a cross sectional view of an example in 

which an anodic oxidized film is added to the structure of 

Fig- 2; 

15 Figs. 4A to 4C depict cross sectional views of layer 

structures of a second example of the internal member of the 
plasma processing vessel in accordance with the first 
embodiment of the present invention; 

Fig. 5 depicts a cross sectional view of an example in 
20 which the anodic oxidized film is added to the structures of 
Figs. 4A to 4C; 

Figs. 6A and 6B describe cross sectional views of 
layer structures of a third example of the internal member 
of the plasma processing vessel in accordance with the first 
25 embodiment of the present invention; 

Fig. 7 describes a cross sectional view of an example 
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in which the anodic oxidized film is added to the structures 
of Figs. 6A and 6B; 

Fig. 8 illustrates a cross sectional view of a layer 
structure of a first example of an internal member of a 
5 plasma processing vessel in accordance with a second 
embodiment of the present invention; 

Figs. 9A and 9B illustrate drawings comparing patterns 
of X-ray analysis of a case where hydration treatment is 
executed on a Y2O3 film and a case where the hydration 
10 treatment is not executed; 

Fig. 10 illustrates drawings comparing adsorption of 
IPA of a case where the hydration treatment is executed on 
the Y2O3 film and a case where the treatment is not 
executed; 

15 Figs. IIA to IIC illustrate drawings comparing 

penetrations into resin of a case where the hydration 

treatment is executed on the Y2O3 film and a case where the 

treatment is not executed; 

Figs. 12A and 12B are photographs of a scanning 
20 electron microscope showing layer states before and after 

the hydration treatment; 

Fig. 13 illustrates a cross sectional view of an 

example in which an anodic oxidized film is added to the 

structure of Fig. 8; 
25 Figs. 14A and 14B show cross sectional views of layer 

structures of a second example of the internal member of the 
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plasma processing vessel' in accordance with the second 
embodiment of the present invention; 

Fig. 15 shows a cross sectional view of an example in 
which the anodic oxidized film is added to the structures of 
5 Figs. 14A and 14B; 

Fig. 16 depicts a cross sectional view of a layer 
structure of a third example of the internal member of the 
plasma processing vessel in accordance with the second 
embodiment of the present invention; 
10 Fig. 17 depicts a cross sectional view of a layer 

structure of the third example of the internal member of the 
plasma processing vessel in accordance with the second 
embodiment of the present invention; 

Fig. 18 depicts a cross sectional view of a layer 
15 structure of the third example of the internal member of the 
plasma processing vessel in accordance with the second 
embodiment of the present invention; 

Fig. 19 describes a cross sectional view of an example 
in which the anodic oxidized film is added to the structure 
20 of Fig. 16; 

Fig. 20 illustrates a diagram of an internal member of 
a plasma processing vessel in accordance with a third 
embodiment of the present invention; and 

Figs. 21A to 21D illustrate a diagrammatic drawing 
25 showing states of peeling off of a thermally sprayed film (a 
top coat layer) in a conventional internal member of a 
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plasma processing vessel - 

Detailed Description of the Preferred Embodiments 
5 [0035] 

Hereinafter, the preferred embodiments of the present 
invention will be described in detail. 

Fig. 1 is a vertical cross-sectional view of an 
example of a plasma etching processing apparatus, which is a 

10 plasma processing apparatus with an internal member of a 
plasma processing vessel, a subject of the present invention 
A reference numeral 2 refers to a vacuum chamber included in 
the processing vessel, which is formed of a conductive 
material, such as aluminum, to have an airtight structure. 

15 And the vacuum chamber 2 is frame-grounded. Additionally, a 
cylindrical deposition shield 2a is disposed to an inner 
surface of the vacuum chamber 2 to prevent the inner surface 
from being damaged by plasma. Further, disposed in the 
vacuum chamber 2 are a gas shower head 3 serving also as an 

20 upper electrode and a mounting table 4 serving also as a 
lower electrode, which are installed to face each other. 
And connected to a lower surface is an exhaust pipe 22, 
which serves as a vacuum exhaust passageway communicating 
with a vacuum exhaust unit 21 having, e.g., a turbo 

25 molecular pump or a dry pump. Furthermore, an opening 23 
for charging or discharging an object to be processed, e.g., 
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a semiconductor wafer is formed on a sidewall portion of 
the vacuum chamber 2 and it can be opened or closed by a 
gate valve G. Permanent magnets 24 and 25, having, for 
example, a shape of ring, are mounted on an outside of a 
5 sidewall portion in such a manner that the opening 23 is 
located therebetween . 
[0036] 

The gas shower head 3 has a plural number of holes 31 
facing the object W to be processed on the mounting table 4, 
10 and is configured to supply a flow-controlled or pressure- 
controlled processing gas coming from an upper gas supply 
line 32 to a surface of the object W to be processed 
uniformly through the corresponding holes 31. 
[0037] 

15 Disposed under the gas shower head 3 from about 5 mm 

to 150 mm apart therefrom, the mounting table 4 includes a 
cylindrical main body 41 which is formed of, for example, 
aluminum having its surface subjected to alumite treatment 
and is insulated by an insulating member 41a from the vacuum 

20 chamber 2; an electrostatic chuc]<: 42 mounted on an upper 
surface of the main body 41; a circular focus ring 43 
surrounding the electrostatic chuck 42; and an insulation 
ring 43a as a circular insulation member inserted between 
the focus ring 43 and the main body 41. Further, depending 

25 on a process, an insulating or conductive material is 
selected for the focus ring 43 to confine or diffuse 

18 



reactive ions. 
[0038] 

In the mounting table 4, for example, the body 41 
thereof is connected to a high frequency power supply 40 via 
5 a capacitor CI and a coil LI, and a high frequency power in 
a range of, e.g., from 13.56 MHz to 100 MHz is applied 
thereto . 
[0039] 

Moreover, installed inside the mounting table 4 are a 
10 temperature control unit 55a of a cooling jacket and a heat 
transfer gas supply unit 55b to supply, e.g.. He gas to a 
rear surface of the object W to be processed. A process 
surface of the object W to be processed, held on the 
mounting table 4, can be maintained at a desired temperature 
15 by activating the temperature control unit 55a and the heat 
transfer gas supply unit 55b. The temperature control unit 
55a has an inlet line 56 and a discharge line 57 for 
circulating a coolant via the cooling jacket. The coolant 
regulated to be kept at an adequate temperature is provided 
20 into the cooling jacket by the inlet line 56, and the 
coolant after heat exchange is exhausted to outside by the 
discharge line 57. 
[0040] 

A ring-shaped exhaust plate 44 having a plurality of 
25 exhaust holes punched therein is disposed between the 
mounting table 4 and the vacuum chamber 2 and installed at a 
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position lower than a surface of the mounting table 4 in 
such a manner that it surrounds the mounting table 4 . The 
exhaust plate 44 serves to optimally confine the plasma 
between the mounting table 4 and the gas shower head 3 and 
5 to regulate flows of exhaust current are regulated. 
Additionally, protrudently installed in the mounting table 4 
are a plural number, for example, three, of elevating pins 
51 (only two pins are shown) as elevating members for 
executing transfer of the object W to be processed between 

10 an external transfer arm (not shown) and the mounting table 
4 such that the elevating pins 51 can be elevated and 
lowered by a driving unit 53 through a coupling member 52. 
A reference numeral 54 refers to a bellows for keeping the 
space between through holes of the elevating pins 51 and the 

15 atmosphere airtight. 
[0041] 

In the plasma etching processing apparatus, after 
being transferred into the vacuum chamber 2 via the gate 
valve G and the opening 23, the object W to be processed is 

20 first mounted on the electrostatic chuck 42, the gate valve 
(G) is closed, and an inside of the vacuum chamber 2 is 
exhausted through the exhaust pipe 22 by the vacuum exhaust 
unit 21 to a predetermined degree of vacuum. Thereafter, 
when the processing gas is supplied to the inside of the 

25 vacuum chamber 2, a DC voltage is simultaneously applied 
from a DC power supply 47 to a chuck electrode 46, so that 
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the object W to be processed is electrostatically attracted 
to be held by the electrostatic chuck 42. Under the 
condition, the high frequency power with a predetermined 
frequency is applied from the high frequency power supply 40 
5 to the main body 41 of the mounting table 4 to thereby 
generate a high frequency electric field between the gas 
shower head 3 and the mounting table 4, which in turn 
transforms the processing gas into plasma used for 
performing an etching process on the object W to be 
10 processed on the electrostatic chuck 42. 
[0042] 

As the processing gas, a gas including a halogen 
element, for example, a fluoride such as C4F8 and NF3, a 
chloride such as BCI3 and SnCl4/ and a bromide such as HBr, 

15 is used. Since a highly strong corrosive environment is 
generated inside the vacuum chamber 2 owing to this, a 
strong plasma resistance is imperatively required for the 
members within the vacuum chamber 2, that is, the internal 
members of the plasma processing vessel, for example, the 

20 deposition shield 2a, the exhaust plate 44, the focus ring 
43, the shower head 3, the mounting table 4, the 
electrostatic chuck 42, and the inner wall member of the 
vacuum chamber 2 . 
[0043] 

25 Hereinafter, the internal member of the processing 

vessel as a subject of the present invention will be 
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described in detail. 
Embodiment 1 

5 In a conventional case where a base material having a 

thermally sprayed film formed thereon a base material is 
used as an internal member of a processing vessel, a 
thermally sprayed film is bound to be peeled off. The 
present inventors have found in their investigation that the 

10 peeling off of the thermally sprayed film on the internal 
member of the plasma processing vessel is resulted from the 
fact that the processing gas and/or the cleaning fluid 
infiltrate through air pores (fine holes) of the thermally 
sprayed film, a boundary portion between the thermally 

15 sprayed film and the base material or a portion damaged by 
plasma and gas to thereby reach the base material, which 
ultimately corrodes a surface of the base material. 
[0044] 

In other words, if a member of a processing vessel, 
20 where a plasma treatment has been performed by using a 
processing gas including a fluoride, is prepared to analyze 
a boundary surface (a base material surface) between the 
base material and the thermally sprayed film, F (fluorine) 
can be found therein. From this, it is suggested that F 
25 reacts on water (OH) to form HF, whereby the base material 
surface is corrosively changed (a corrosion by-product is 
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generated), which leads to the peeling off of the thermally 

sprayed film. 

[0045] 

Therefore, it is important that the boundary surface 
5 between the base material and the thermally sprayed film, 
i.e., the base material surface, is not exposed to the 
processing gas or the cleaning fluid. 
[0046] 

Based on the aforementioned facts, in a first 
10 embodiment, a portion having barrier function which is 
hardly corroded is formed at a position between the surface 
of the sprayed film and the base material in the members 
within the vacuum chamber 2, i.e., the internal members of 
the plasma processing vessel, for example, the deposition 
15 shield 2a, the exhaust plate 44, the focus ring 43, the 
shower head 3, the mounting table 4, the electrostatic chuck 
42 and the inner wall member of the vacuum chamber 2 shown 
in Fig. 1, even if it is exposed to the processing gas or 
the cleaning fluid, thus being capable of preventing the 
20 processing gas or the cleaning fluid from reaching the 
surface of the base material. 
[0047] 

By forming the portion having the barrier function by 
using a high corrosion-resistant material, the surface of 
25 the base material can be protected from the processing gas 
or the cleaning fluid infiltrating through the air pores 
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(the fine holes) of the thermally sprayed film. 
Additionally, if the portion having the barrier function is 
in contact with the base material, employing a material with 
high adhesivity for the portion makes it possible to protect 
5 the surface of the base material from infiltration of the 
processing gas or the cleaning fluid through a boundary 
surface between the portion having the barrier function and 
the surface of the base material. 
[0048] 

10 Hereinafter, a concrete structure in accordance with 

the first embodiment will be described in detail . 

First, as shown in Fig. 2, the internal member of the 
plasma processing vessel in accordance with the first 
example basically includes a base material 71 and a film 72 

.15 formed on its surface. The film 72 has a main layer 73 
formed by thermal spraying and a barrier coat layer 7 4 
formed between the base material 71 and the main layer, 
which has the barrier function to be rarely corroded even 
when exposed to the processing gas or the cleaning fluid. 

20 [0049] 

Various types of steel including stainless steel (SUS) , 
Al, Al alloy, W, W alloy, Ti, Ti alloy. Mo, Mo alloy, carbon, 
oxide or non-oxide based sintered ceramic body, carbonaceous 
material and the like are used properly for the base 
25 material 71 as an object on which the film 72 is constructed. 
[0050] 
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It is preferable that the barrier coat layer 74 is 
formed of ceramic including at least one kind of element 
selected from the group consisting of Mg, Al, Si, Ca, Cr, 
Y, Zr, Ta, Ce and Nd, and, more particularly, at least one 
5 kind of ceramic selected from the group consisting of B4C, 
MgO, AI2O3, SiC, Si3N4, SiOs. CaFs, CrsOa. Y2O3, YF3, ZrOs, TaOs. 
Ce02/ Ce203, CeFs and Nd203. For example, products of TOCALO 
CO., LTD. such as "CDC-ZAC" and "super ZAC" are applicable. 
"CDC-ZAC" is a complex ceramic including Cr203 as a main 

10 ingredient, and has features such as imporosity, high 
hardness, high adhesion and the like. On the other hand, 
"super ZAC" is a complex ceramic including Si02 and Cr203 as 
main ingredients, and has excellent heat-resistance and 
abrasion-resistance in addition to imporosity, high hardness 

15 and high adhesion. It is preferable to form the barrier 
coat layer 74 by a thermal spraying method. The thermal 
spraying method is a method for spraying raw material melted 
by a heat source such as combustion gas and electricity on a 
basic material to form a film. Further, the barrier layer 

20 74 may be formed by employing a technique for forming a 
thin-film such as PVD and CVD method, an immersion method, a 
coating method, or the like. The PVD method is a method of 
coating various ceramic films coated at low temperature by 
employing an ion plating method, while the CVD method is a 

25 method for coating single layer or multiple layers at high 
temperature by a thermal chemical vapor deposition. 
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Furthermore, the method is a method for performing a heat 
treatment after immersing various materials being immersed 
into a resin solution, and the coating method is a method 
for performing the heat treatment at a predetermined 
5 temperature after various materials being coated with a 
resin solution. It is desirable that the barrier coat layer 
74 is of a thickness ranging from 50 to 100 jtzm . 
[0051] 

In this case, it is preferable to perform sealing by 
10 using a resin on at least one portion of the barrier coat 
layer 74, e.g., on a surface contacted with the base 
material 71, or on the whole of the barrier coat layer 74. 
It is desirable that the resin is selected from the group 
consisting of SI, PTFE, PI, PAI, PEI, PBI and PFA. That is, 
15 the barrier coat layer 74 made of ceramic has porosity with 
air pores (fine holes) when forming by using the 
aforementioned thermal spraying method, but sealing the fine 
holes in at least a portion of the porous layer with the 
resin can prevent the gas or the cleaning fluid from 
20 infiltrating through the fine holes of the main layer 73 
made of the thermally sprayed film, thus protecting the base 
material 71 effectively. 
[0052] 

Additionally, SI refers to silicon, PTFE to 
25 polytetraf luoroethylene, PI to polyimide, PAI to 
polyamideimide, PEI to polyetherimide, PBI to 
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polybenzimidazole, and PFA to perf luoroalkoxyalkane . 

[0053] 

The sealing treatment may be executed by employing a 
sol-gel method. The sealing treatment employing the sol-gel 
5 method is performed by sealing with a sol (a colloidal 
solution) in which ceramic is dispersed in an organic 
solvent, and then by the gelation by heating. Accordingly, 
the sealing by using ceramic is substantialized, so that a 
barrier effect can be improved. It is preferable that a 
10 material selected from the elements of the Group 3a in the 
periodic table is used in the sealing treatment of this case. 
Among them, highly corrosion-resistant Y2O3 is desirable. 
[0054] 

Moreover, engineering plastics may be used as another 
15 alternative material for the barrier coat layer 74. 
Specifically, a resin selected from the group consisting of 
PTFE, PI, PAI, PEI, PBI, PFA, PPS and POM is preferable and, 
for example, "Teflon (a registered trademarlc)" (PTFE), a 
product of DUPONT INC., and the like are applicable. These 
20 resins have excellent adhesivity and chemical resistance 
which are sufficient enough to stand against the cleaning 
fluid in cleaning. 
[0055] 

Further, PTFE refers to polytetraf luoroethylene , PI to 
25 polyimide, PAI to polyamide imide, PEI to polyetherimide, PBI 
to polybenzimidazole, PFA to perf luoroalkoxyalkane, PPS to 
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polyphenylenesulf ide, and POM to polyacetal. 

[0056] 

Furthermore, an anodic oxidized film 75 may be formed 
between the base material 71 and the barrier coat layer 74 
5 as depicted in Fig. 3- In this case, it is desirable that 
the anodic oxidized film is formed by organic acid, such as 
oxalic acid, chromic acid, phosphoric acid, acetic acid, 
formic acid or sulfonic acid, which will result in an 
oxidized film whose corrosion resistance is much better than 

10 those produced by an anodic oxidation treatment by sulfuric 
acid, so that it can further suppress the corrosion by the 
processing gas and the cleaning fluid. It is preferable 
that the anodic oxidized film 75 is of a thickness ranging 
from 10 to 200 (m. 

15 [0057] 

As described above, in case the anodic oxidized film 
75 is formed between the base material 71 and the barrier 
coat layer 74, sealing fine holes of the anodic oxidized 
film 75 can marlcedly improve corrosion resistance. In this 

20 case, a metal salt sealing is applicable, in which a 
material is immersed in hot water including metal salt such 
as Ni, so that, in fine holes of the oxidized film, an 
aqueous solution of metal salt is hydrolyzed, whereby 
hydroxide is precipitated, thus performing sealing. Further, 

25 the same effect can also be achieved even when the sealing 
treatment of the fine holes of the anodic oxidized film 75 
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is executed by using the resin (selected from the group 
consisting of SI, PTFE, PI, PAI , PEI, PBI and PFA) used in 
the sealing treatment of the barrier coat layer 74. 
[0058] 

5 Furthermore, an anodic oxidized film (KEPLA-COAT : a 

registered trademark) with a porous ceramic layer may be 
used as the anodic oxidized film 75 formed on the surface of 
the base material 71. 
[0059] 

10 Further, the anodic oxidized film (KEPLA-COAT) is 

formed by immersing the base material as an anode in an 
alkali-based organic electrolyte to discharge an oxygen 
plasma therein. 
[0060] 

15 It is preferable that the main layer 73 as the 

thermally sprayed film includes at least one kind of element 
selected from the group consisting of B, Mg, Al, Si, Ca, Cr, 
Y, Zr, Ta, Ce and Nd, and, to be more specific, it is 
preferable to include at least one kind of ceramic selected 

20 from the group consisting of B4C, MgO, AI2O3/ SiC, Si3N4, Si02/ 
CaF2, Cr203r Y2O3, YF3, Zr02f Ta02, Ce02, Ce203f CeFs and Nd203. 
In this case, it is desirable that the main layer 73 is of a 
thickness ranging from 10 to 500 pm. 
[0061] 

25 When the internal members of the plasma processing 

vessel with these structures are fabricated, it is 
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preferable to increase adhesivity of the barrier coat layer 
74 or the anodic oxidized film 75 to be formed on the 
surface of the base material 71 by executing a blast 
treatment for blowing up particles such as AI2O3, SiC or 
5 sand on the surface of the base material 71 to make the 
surface thereof microscopically uneven. Additionally, 
etching the surface, e.g., by immersion in a given medicinal 
fluid, is allowed as a method for making the surface uneven, 
not limiting the method to the aforementioned blast 
10 treatment. 
[0062] 

Next, the aforementioned barrier coat layer 74 is 
formed directly on the base material 71 or through the 
anodic oxidized film 75 by employing the thermal spraying 

15 method or another proper method. If necessary, the sealing 
treatment as described above is executed. When the sealing 
treatment is performed, the aforementioned resin or sol of 
ceramic is coated on the surface of the barrier coat layer 
74, or the base material 71 with the barrier coat layer 74 

20 thereon is immersed in a resin sealing material or the sol 
of ceramic. In case the sealing is performed by the sol of 
ceramic, gelation by heating is followed by heating. 
[0063] 

After forming the barrier coat layer 74, the main 
25 layer 73, a thermally sprayed film, is sequentially formed, 
wherein the layer is formed of at least one kind of ceramic 
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selected from the group consisting of B4C, MgO, AI2O3/ SiC, 
Si3N4. Si02. CaF2, Cr203. Y2O3, YF3. ZrOs, Ta02, Ce02, Ce203, 
CeF3 and Nd203. In addition to selecting a material with 
excellent adhesivity as the barrier coat layer 74, the blast 
5 process and the like may be performed on the surface of the 
barrier coat layer 74 to further improve adhesivity with the 
main layer 73- 
[0064] 

As described above, in this example, the problem that 
10 the thermally sprayed film 72 on the base material 71 is 
peeled off by generation of the corrosion by-product on the 
surface of the base material 71 can be solved by forming the 
barrier coat layer 74 made of material with excellent 
corrosion resistance against the processing gas including 
15 the halogen element or the cleaning fluid between the main 
layer 73 as the thermally sprayed film and the base material 
71 in such a way that the surface of the base material 71 is 
not exposed to the processing gas (halogen element) or the 
cleaning fluid. 
20 [0065] 

Hereinafter, a second example will be described. 
In the second example, as shown in Figs. 4A, 4B and 4C, 
a film 76 is formed on the surface of the base material 71 
by thermal spraying of ceramic and a sealing-treated portion 
25 76a is formed in at least a portion of the film 76. The 
sealing-treated portion 76a is formed in a side of a portion 
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of the film 76 making a contact with the base material 71 in 
an example of Fig. 4A, in a surface side of the film 76 in 
the example of Fig. 4B, and in the whole of the film 7 6 in 
the example of Fig. 4C, respectively. 
[0066] 

It is preferable that the film 76 includes at least 
one kind of element selected from the group consisting of B, 
Mg, Al, Si, Ca, Cr, Y, Zr, Ta, Ce and Nd, and, to be more 
specific, at least one kind of ceramic selected from the 
group consisting of B4C, MgO, Al203^ SiC, Si3N4, Si02, CaF2, 
Cr203, Y2O3, YF3/ Zr02, Ta02, Ce02, Ce203, CeF3 and Nd203. In 
this case, it is desirable that the film 76 is of a 
thickness ranging from 50 to 300 fM, Further, the same 
material as in the first example can be used as the base 
material 71. 
[0067] 

The sealing-treated portion 7 6a can be formed by 
sealing by employing an exactly same resin sealing or sol- 
gel method as executed on the barrier coat layer 74 in the 
first example. As described above, by forming the sealing- 
treated portion 76a, the gas or the cleaning fluid 
infiltrating through the fine holes of the film 76, i.e., 
the thermally sprayed film, can be effectively blocked, so 
that the base material 71 can be protected sufficiently. 
Because the sealing-treated portion 76a is for preventing 
the gas or the cleaning fluid from reaching the base 
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material 71, any one of those shown in Figs. 4A to 4C can be 
effective. However, forming the sealing-treated portion 76a 
on the side of a portion of the film 7 6 making a contact 
with the base material 71 as shown in Fig. 4A is more 
5 preferable. That is, if the internal member of the 
processing vessel whose thermally sprayed film has undergone 
the sealing treatment is used in a plasma atmosphere 
obtained by applying high frequency power in a high vacuum 
area (e.g., 13.3 Pa), a diluted organic solvent (e.g., ethyl 

10 acetate) in a sealing material may be evaporated, or the 
sealing material may be corroded by the plasma, the 
processing gas and the like, so that air pores (fine holes) 
may be formed in the thermally sprayed film again. Due to 
these air pores/ surface state (e.g., temperature and 

15 adhesion state of a by-product) of the internal member of 
the processing vessel is changed with time, so that it is 
possible to exert baleful influence on the process in the 
processing vessel. Thus, as shown in Fig. 4A, by avoiding 
to perform the sealing treatment on the surface side portion 

20 of the film 76, surface degradation of the film 76 may be 
suppressed and the process can be executed stably. 
Additionally, the sealing-treated portion 76a may be formed, 
for example, in the middle of the film 76, without limiting 
the positions to those depicted in Figs. 4A to 4C. It is 

25 desirable that the sealing-treated portion 76a is from 50 to 
100 m thick. 



[0068] 

Also in this example, as shown in Fig. 5, exactly the 
same anodic oxidized film 75 as in the first example can be 
formed between the base material 71 and the film 76. 
5 Further, in this case, sealing the anodic oxidized film 75 
is preferable and the same metal salt sealing as mentioned 
above is available for this sealing treatment. 
[0069] 

Hereinafter, a third example will be described. 

10 In the third example, as shown in Figs. 6A and 6B, a 

film 77 is formed on the surface of the base material 71 by 
the thermal spraying of ceramic, the film 77 has a two-layer 
structure including a first ceramic layer 78 and a second 
ceramic layer 79, and a sealing portion is formed in at 

15 least a portion of at least one of them. In the example of 
Fig. 6A, a sealing-treated portion 78a is formed in the 
first ceramic layer 78 located at a surface side, and in the 
example of Fig. 6B, a sealing-treated portion 79a 'is in the 
second ceramic layer 79 located at a base material 71 side. 

20 [0070] 

Both the first ceramic layer 78 and the second ceramic 
layer 79, being included in the film 77, include at least 
one kind of element selected from the group consisting of B, 
Mg, Al, Si, Ca, Cr, Y, Zr, Ta, Ce and Nd, and, to be more 
25 specific, include at least one Icind of ceramic selected from 
the group consisting of B4C, MgO, AI2O3, SiC, SisN^, Si02, 
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CaF2. Cr203, Y2O3, YF3. Zr02, Ta02, Ce02. Ce203, CeFs and NdzOa 
is preferable. In this case, it is desirable that the film 
77 is from 50 to 300 (M thick. Further, exactly the same 
material as in the first example can be used as the base 
5 material 71. 
[0071] 

The sealing-treated portions 78a and 79a may be formed 
by employing exactly the same resin sealing or sol-gel 
method as executed on the barrier coat layer 74 of the first 

10 example. As described above, by installing the sealing- 
treated portions 78a- and 79a, the gas or the cleaning fluid 
infiltrating through the fine holes of the first and second 
ceramic layers 78 and 79, i.e., the thermally sprayed films, 
can be effectively blocked, so that the base material 71 can 

15 be protected sufficiently. Because the sealing-treated 
portions 78a and 79a are used for preventing the gas or the 
cleaning fluid from reaching the base material 71 as 
described above, positions of the sealing-treated portions 
78a and 79a are not limited as long as their functions can 

20 be realized effectively, and the whole layer may also be 
used as the sealing-treated portion. Further, the sealing- 
treated portion may be formed in both sides of the first and 
second ceramic layers 78 and 79. It is desirable that the 
sealing-treated portions 78a and 79a are from 50 to 100 psi\ 

25 thick. 

[0072] 
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As described above, since, by allowing the film 77 
formed on the base material 71 to have the two-layer 
structure, materials of these two layers can be 
appropriately selected in accordance with the required 
5 corrosion resistance and barrier property, it can be widely 
applied with a very high degree of freedom by performing the 
sealing treatment at a desired position. For example, the 
corrosion-resistance and the barrier property can be much 
enhanced if Y2O3 is used as the first ceramic layer 78 
10 located toward the surface, YF3 or AI2O3 is used as the 
second ceramic layer 79 located toward the base material 71 
and the sealing is executed in at least a portion of the 
second ceramic layer 79. 
[0073] 

15 As shown in Fig. 1, in this example, exactly the same 

anodic oxidized film 75 as in the first example may be 
formed between the base material 71 and the film 77. 
Further, in this case, sealing the anodic oxidized film 75 
is preferable, wherein the same metal salt sealing and the 

20 like as mentioned above and the like are available. 
[0074] 

In order to confirm the above description, following 
samples were prepared; a first sample was made by forming a 
thermally sprayed film of Y2O3 on a base material of Al 
25 alloy, a second sample was made by forming a thermally 
sprayed film of Y2O3 through a resin (PTFE) barrier coat 
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layer on a base material of Al alloy; and a third sample was 
made by forming a thermally sprayed film of Y203on on a base 
material of Al alloy and sealing some of the thermally 
sprayed film with the resin. Then, the surface states of 
the thermally sprayed films were subject under plasma 
environment after dropping a HF solution on the surfaces of 
the first to the third samples to compare with each other. 
To be more specific, the samples were put under a plasma 
atmosphere of a CF-based gas for three minutes after 
dropping a 38% HF solution of lOfif. on each surface of the 
samples and being heated at 50 °C for three hours. As a 
result, it was found that a crack had developed on the whole 
surface of the first sample on which a countermeasure for 
peeling off of the thermally sprayed film had not been 
executed, while no crack had developed and the surfaces of 
the base materials were protected by preventing the 
infiltration of the processing gas and the cleaning fluid in 
the second sample where the barrier coat layer was formed 
between the base material and the thermally sprayed film and 
the third sample where some of the thermally sprayed film 
was sealed by the resin. 

[0075] 

Embodiment 2 



In a case where AI2O3 and Y2O3 are used in the wall 



member and other internal member of the plasma processing 
vessel, various problems occur since a large amount of water 
is absorbed due to high reactivity on water in the air when 
the vacuum chamber, i.e., the processing vessel, is open to 
atmosphere or undergoes the wet cleaning. However, the 
present inventors have found in their investigation that 
these problems can be solved by performing hydration 
treatment on ceramic, such as Y2O3, including an element of 
the Group 3a in the periodic table or forming a hydroxide 
including these elements . 
[0076] 

Based on the above description, in the members within 
the vacuum . chamber 2 in accordance with the second 
embodiment of the invention, i.e., the internal members of 
the plasma processing vessel, such as the deposition shield 
2a, the exhaust plate 44, the focus ring 43,' the shower head 
3, the mounting table 4, the electrostatic chuck 42 and the 
inner-wall member of the vacuum chamber 2 in Fig. 1, a 
hydrated portion is formed of ceramic including the element 
of the Group 3a in the periodic table, or at least a portion 
of that is formed of hydroxide including that element. 
[0077] 

In the internal member of the plasma processing vessel 
made in this way, release of water hardly occurs during the 
plasma process since the structure makes it difficult to 
adsorb water and release water therefrom. 
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[0078] 

First, in a first example, as shown in Fig. 8, a film 
82 made of ' ceramic including an element of the Group 3a in 
the periodic table is formed on a base material 81 and a 
5 hydration-treated portion 82a is formed, for example, at 
least in a surface portion of the film 82. 
[0079] 

Various types of steel including stainless steel (SUS) , 
Al, Al alloy, W, W alloy, Ti, Ti alloy. Mo, Mo alloy, carbon, 
10 oxide and non-oxide based sintered ceramic body, 
carbonaceous material and the like are used properly for the 
base material 81 in a similar manner to the base material 71. 
[0080] 

The film 82 may be made of ceramic including an 
15 element of the Group 3a in the periodic table, but it is 
preferable to be made of oxide including the element of the 
Group 3a in the periodic table. Further, among these, Y2O3, 
Ce02f Ce203 and Nd203 are preferable and, among them, Y2O3 is 
particularly desirable since it has been conventionally and 
20 widely used and has high corrosion resistance. 
[0081] 

The film 82 can be formed preferably by employing a 
technique for forming a thin-film such as the thermally 
sprayed method and the PVD and CVD method. Further, it is 
25 possible to form the film by employing the immersion method, 
the coating method or the like. 
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[0082] 

The hydration-treated portion 82a can be formed, for 
example, by making the film 82 react on water vapor or high 
temperature hot water to cause a hydration reaction. In 
case of using Y2O3 as the ceramic^ the reaction such as an 
equation (1) below occurs: 

Y2O3 + H2O - ¥203- {H20)n - 2(Y00H) - Y(0H)3 (D 

wherein mantissa is not considered in Eq(l). 

As represented in the equation (1), by the hydration 
treatment, Y hydroxide is formed in the end. In case of 
another element of the Group 3a in the periodic table, such 
hydroxide is formed by almost the same reaction. Y(0H)3, 
Ce(0H)3 and Nd(0H)3 are preferable for such hydroxide. 
[0083] 

In order to confirm this, samples having the thermally 
sprayed film of Y2O3 on the base material were prepared, and 
X-ray diffraction measurement was performed on the one 
sample which was hydrated by immersion in high temperature 
hot water maintained at a temperature of 80°C for 150 hours 
and then dehydrated at room temperature, and on another 
sample on which these treatments were not performed. The 
comparison result showed that Y(OH)3 was detected only in 
the sample on which the hydration treatment was performed, 
confirming that hydroxide was formed by the hydration 
treatment, as shown in Figs. 9A and 9B. 
[0084] 
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The hydroxide of the element of the Group 3a in the 
periodic table is highly stable and has features that 
chemically adsorbed water is difficult to be released and it 
is difficult to adsorb water. The problem caused by water 
5 during the process can be avoided by forming the hydroxide 
like this by the hydration treatment. 
[0085] 

In order to confirm an effect of the hydration 
treatment, after preparing samples which had a 200 ijm thick 

10 film of thermally sprayed Y2O3 on the base material, one 
sample was treated by boiling water for three hours, while 
another sample was not treated by boiling water. IPA was 
sprayed on both of them. IPA spraying becomes an 

acceleration test since IPA has higher adsorption than water. 

15 The test showed that IPA was adsorbed to the non-hydrated 
sample but no adsorption occurred to the hydrated sample, as 
shown in Fig. 10. From this, it was confirmed that the 
hydration treatment made it difficult for adsorption to 
occur . 

20 [0086] 

Next, in the same way, after preparing samples which 
had a 200 ]im thick film of thermally sprayed Y2O3 on the 
base material, a sample was treated by boiling water for 
three hours while another sample was not treated by boiling 
25 water. Both of them were coated by the resin and cut to 
check cross sections thereof- The result,- depicted in Figs. 
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IIA and IIB, showed that there were no differences on the 
surface states of the both samples. However, for the sample 
without the treatment, the film was transparent on the whole, 
confirming that the resin penetrated through the whole film. 
5 On the other hand, for the treated sample, only small 
portion close to the surface was transparent and the inside 
was white in the treated sample, indicating that the resin 
was hardly penetrated to the inside of the treated sample. 
That verifies that the hydration treatment causes 
10 hydrophobic property. Further, as shown in Fig. IIC, when 
the film about 20 fim thick from the surface was removed 
after the hydration treatment, it was found that the removed 
portion was transparent and hydrophobic property was reduced. 
[0087] 

15 Moreover, an effect of H2O on a Y2O3 surface has been 

described in detail in a paper entitled "Specific Adsorption 
Behavior of Water on a Y2O3 Surface" of Kuroda et al. 
disclosed on pages 6937 to 6947 of Langmuir, Vol. 16, No. 17, 
2000. 

20 [0088] 

Hereinafter, the hydration treatment will be described 
in detail. 

The hydration treatment can be executed by heat 
treatment in an environment containing abundant water vapor 
25 or treatment in boiling water. Several water molecules can 
be attracted toward neighborhood of, e.g., an yttrium oxide 
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(Y2O3) molecule to be combined together into one stable 
molecule cluster. At this time, main parameters include 
partial pressure of water vapor, temperature and time of 
heat treatment and the like. For example, a stable 
5 hydroxide can be formed by heat treatment for about 24 hours 
in a furnace with temperature ranging from about 100 to 
about 300 under relative humidity which is equal to or 
greater than 90%. If relative humidity and temperature of 
heat treatment are low, it is preferable to prolong the time 

10 of treatment. Treatment at high temperature and high 
pressure is desirable for efficient hydration treatment. 
Because the hydration reaction on the surface of yttrium 
oxide can proceed basically even at room temperature if 
executed for a long time, the same final state can be 

15 obtained also under other conditions besides the above 
condition. Further, in the hydration treatment, using water 
including ion (alkali water with a pH higher than 7) results 
in a hydroxide with a better hydrophobic property than for 
the case using pure water. 

20 [0089] 

Furthermore, not limited to the hydration treatment, 
other methods, for example, forming hydroxide at a raw 
material step, may be employed as long as the hydroxide is 
formed finally. In case of making the film by the thermal 
25 spraying method, because the raw material is exposed to high 
temperature, there is a concern that the hydroxide may be 
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changed into an oxide if hydroxide is formed at the raw 
material step, but, even in this case, a hydroxide film can 
be formed by thermally spraying under a condition of high 
humidity- Instead of forming the hydration-treated portion 
5 like this, the hydroxide may be formed directly by using a 
different method. 
[0090] 

The hydration-treated portion or hydroxide layer 
should be formed in a surface portion of the film 82 in 

10 order that the film 82 has a structure difficult to adsorb 
water and be released from water. It is desirable that the 
hydration-treated portion or hydroxide film of this case is 
equal to .or greater than 100 fM thick and the thickness 
thereof is set optimally depending on usage place - 

15 [0091] 

Densif ication is also promoted by the hydration 
treatment for the ceramic including the element of the Group 
3a in the periodic table. For example, the Y2O3 film formed 
by the thermal spraying is porous before the hydration 
20 treatment as shown Fig. 12A, but it is densified by the 
hydration treatment as shown in Fig. 12B. By becoming dense 
like this, the same barrier effect as in the first 
embodiment is obtained in addition to the above effect. 
[0092] 

25 In view of obtaining only the barrier effect, the 

hydration-treated portion 82a of the hydroxide formed by the 
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hydration treatment need not be located necessarily in the 
surface portion of the film 82, and it may be formed at any 
position of the film 82. In a case of forming the hydroxide 
layer of the hydroxide formed by another method, it is 
5 desirable to perform the sealing by the resin or sol-gel 
method as mentioned above. In this example, in a similar 
way to the first embodiment, as depicted in Fig. 13, exactly 
the same anodic oxidized film 83 as in the first embodiment 
may be formed between the base material 81 and the film 82. 
10 Further, it is preferable to perform the sealing treatment 
on the anodic oxidized film 83 in a similar way to the first 
embodiment, and, as this sealing treatment, the metal salt 
sealing identical to the aforementioned one is available. 
[0093] 

15 Hereinafter, a second example will be described. 

In the second example, as shown in Figs. 14A and 14B, 
a film 84 is formed in the surface of the base material 81, 
it has two-layer structure including a first ceramic layer 
85 and a second ceramic layer 86, and a hydrat ion-treated 

20 portion is formed in at least a portion of at least one of 
the first and the second ceramic layer. A hydration-treated 
portion 85a is formed in a surface side of the first ceramic 
layer 85 in the example of Fig. 14A, and a hydration-treated 
portion 86a is formed in a side of the second ceramic layer 

25 86 making a compact with the base material 81 in the example 
of Fig. 14B. 
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[0094] 

Both the first ceramic layer 85 and the second ceramic 
layer 86 included in the film 84 are formed of ceramic 
including an element of the Group 3a in the periodic table 
5 and, an oxide including an element of the Group 3a in the 
periodic table is preferable. Among them, Y2O3, Ce02, CeaOs 
and Nd203 are preferable, and particularly, Y2O3 is 
preferable. Furthermore,, exactly the same material as in 
the first example can be used as the base material 81. 
10 [0095] 

These first and second ceramic layers 85 and 86 can be 
formed preferably, in a similar way as the film 82 in the 
first example, by employing the technique for forming a 
thin-film such as the thermal spraying method, the PVD 
15 method or the CVD method. Further, it is possible to form 
them by employing an immersion method, a coating method, or 
the like. 
[0096] 

The hydration-treated portions 85a and 86a can be 
20 formed in exactly the same way as the hydration-treated 
portion 82a in the first example. If the hydration-treated 
portion is disposed in the surface portion of the film 84 as 
shown in Fig. 14A, a structure making adsorbing water or 
being released from water difficult can be formed, and, if 
25 the hydration-treated portion is in the film 84, as shown in 
Fig. 14B, the barrier effect can be made work effectively. 
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In order to form the hydration-treated portion in the film 
84, after fabricating the second ceramic layer 86 on the 
base material 81, the hydration treatment is performed and 
the first ceramic layer 85 is formed. It is desirable that 
5 the hydration-treated portions 85a and 86a are of thickness 
equal to or greater than 100 (m. 
[0097] 

By forming the film 84 on the base material 81 in the 
two-layer structure like this, it can widen the scope of its 
10 applicability with large degree of freedom, since materials 
of the two layers and position of the hydration treatment 
can be selected to better accommodate various specific 
requirements of the situation. 
[0098] 

15 In this example, the same anodic oxidized film 83 as 

in the first example may be formed between the base material 
81 and the film 84, as shown in Fig. 15. 
[0099] 

Hereinafter, a third example will be described. 

20 In the third example, as shown in Fig. 16, a film 87 

is formed on the surface of the base material 81, and it has 
a first ceramic layer 88 formed of ceramic including at 
least one kind of element of the Group 3a in the periodic 
table; and a second ceramic layer 89 formed by thermal 

25 spraying of ceramic, wherein a hydration-treated portion 88a 
formed in a surface portion of the first ceramic layer 88. 
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[0100] 

As the ceramic of the first ceramic layer 88 including 
the element of the Group 3a in the periodic table, the oxide 
including the element of the Group 3a in the periodic table 
is preferable. Among them, Y2O3, Ce02, Ce203 and Nd203 are 
preferable and Y2O3 is particularly preferable. It is 
desirable that the first ceramic layer 88 is of thickness 
ranging from 100 to 300 fm- The first ceramic layer 88 can 
be formed preferably, in a similar way to the film 82 in the 
first example, by employing the technique for forming a 
thin-film such as the thermally spraying method, the PVD 
method and the CVD method. Further, it is possible to form 
the layer by employing the immersion method, the coating 
method, or the like. 
[0101] 

It is preferable that the second ceramic layer 89 
includes at least one kind of element selected from the 
group consisting of B, Mg, Al, Si, Ca, Cr, Y, Zr, Ta, Ce and 
Nd, and, to be more specific, at least one kind of ceramic 
selected from the group consisting of B4C, MgO, AI2O3, SiC, 
Si3N4, Si02, CaF2, Cr203, Y2O3, YF3, Zr02/ Ta02, Ce02, Ce203, 
CeF3 and Nd203. It is desirable that the second ceramic 
layer 89 is of thickness ranging from 50 to 300 //m. Further, 
exactly the same material as in the first example can be 
used as the base material 81. 
[0102] 
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The hydration-treated portion 88a can be formed in the 
same way as the hydration-treated portion 82a in the first 
example. Because the hydration-treated portion is formed in 
the surf ace * portion of the film 87, the film 87 can be made 
5 to have a structure difficult to adsorb water and release 
water. In addition, the barrier effect may be made work 
effectively by forming the hydration-treated portion 88a 
inside the first ceramic layer 88. It is desirable that the 
hydration-treated portion 88a is of thickness equal to or 
10 greater than 100 fm. 
[0103] 

As shown in Fig. 17, it is preferable to form a 
sealing-treated portion 89a in the second ceramic layer 89. 
The sealing-treated portion 89a can be formed by using the 

15 same resin sealing or sol-gel method as described in the 
above-mentioned first embodiment. The base material 81 can 
be protected sufficiently by installing the sealing-treated 
portions 89a since the gas or the cleaning fluid 
infiltrating through fine holes of the second ceramic layer 

20 89, i.e., the thermally sprayed film, can be blocked 
effectively. Further, the sealing-treated portion 89a can 
be formed at any position of the second ceramic layer 89. 
[0104] 

By forming the structures as shown in Figs. 16 and 17, 
25 the film 87 can have a structure difficult to adsorb water 
and release water by the hydration-treated portion 88a of 
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the first ceramic layer 88, simultaneously having excellent 
corrosion-resistance. Besides, the base material 81 can be 
protected effectively by the barrier effect of the second 
ceramic layer 89. Particularly, in the structure shown in 
5 Fig. 17, the existence of the sealing-treated portion 89a 
can further enhance the barrier effect. 
[0105] 

Moreover, as shown in Fig. 18, the first ceramic layer 
88 and the second ceramic layer 89 may be installed in a 

10 reversed order. In this case, protection effect on the base 
material 81 may be improved since the hydration-treated 
portion 88a of the first ceramic layer 88 laid out next to 
the base material 81 can enhance the barrier effect 
effectually . 

15 [0106] 

In this example, as shown in Fig. 19, the same anodic 
oxidized film 83 as in the first example may be formed 
between the base material 81 and the film 87. 

20 [0107] 

Hereinafter, the third embodiment will be described. 

In the internal member of the plasma processing vessel 
in accordance with this embodiment, as shown in Fig. 20, a 
25 hydration-treated portion 91 is formed in a surface portion 
of a sintered ceramic body 90 including the element of the 



50 



Group 3a in the periodic table. The hydration-treated 
portion 91 can be formed in the same manner as in the second 
embodiment, and the hydration treatment generates the 
hydroxide including the element of the Group 3a in the 
5 periodic table. 
[0108] 

The hydration-treated portion 91 is formed in the 
surface portion, so that a structure making it difficult to 
adsorb water or release water is formed. It is desirable 
10 that the hydration-treated portion 91 or the hydroxide film 
of this case is of thickness equal to or greater than 100 jam 
[0109] 

In this embodiment, as in the second embodiment, 
ceramic including an element of the Group 3a in the periodic 
15 table or oxide including an element • of the Group 3a in the 
periodic table. Among them, Y2O3, Ce02/ Ce203 and Nd203 are 
preferable and, in particular, Y2O3 is desirable. 
[0110] 

Additionally, the present invention is not limited to 
20 the above embodiments and various changes and modifications 
can be made. For example, in the above embodiments, the 
case of applying the present invention to the internal 
members of the plasma processing vessel of a parallel plate 
plasma etching apparatus of a magnetron type using a 
25 permanent magnet, i.e., the deposition shield 2a, the 
exhaust plate 44, the focus ring 43, the shower head 3, the 
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mounting table 4, the electrostatic chuck 42, and the inner 
wall member of the vacuum chamber 2 has been described as an 
example, but the present invention is riot limited to the 
apparatus of this structure, and can be applied to internal 
5 members of the plasma processing vessel used in a parallel 
plate plasma etching apparatus having no magnetron; another 
plasma etching processing apparatus and etching apparatus 
such as an inductively coupled one; an apparatus executing 
various plasma processes such as an ashing and a film 
10 forming process in addition to etching; and a plasma 
processing apparatus executing the process on a glass 
substrate for LCD as well as a semiconductor wafer , 
[0111] 

The internal member of the plasma processing vessel 
15 in accordance with the present invention is desirable for a 
plasma process in an environment of high corrosion, in 
particular, since the film formed on the base material is 
formed of ceramic with high corrosion resistance and a 
portion is formed to function as a barrier. Further, it is 
20 preferable as an internal member of a plasma processing 
vessel with a problem of water, because its structure is 
stable against water by executing the hydration treatment on 
the ceramic including an element of the Group 3a in the 
periodic table. 
25 [0112] 

In accordance with the present invention, in internal 
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members of a plasma processing vessel of a structure having 
a base material and a film formed by thermal spraying, 
peeling off of the film formed by thermal spraying is 
suppressed since a surface of the base material is not 
exposed to a processing gas or a cleaning fluid by preparing 
several layers functioning as a barrier. 
[0113] 

Further, in accordance with the present invention, an 
internal member of a plasma processing vessel which is 
difficult to release water in plasma process can be obtained, 
because a structure making it difficult to adsorb water and 
release water is formed by performing the hydration 
treatment on the ceramic including at least one kind of 
element of the Group 3a in the periodic table, or by forming 
a layer or sintered body having the hydroxide including at 
least one kind of element of the Group 3a in the periodic 
table . 

While the invention has been shown and described with 
respect to the preferred embodiments, it will be understood 
by those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
and scope of the invention as defined in' the following 
claims . 
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